The heat exchangers are frequently used as constructive elements in various plants
INTRODUCTION
The heat exchangers are designed to achieve certain requirements in the steady state which implies that transient response of heat exchanger must be known to define correct control strategy. The mathematical model of the heat exchanger must be known in order to determine the transient response.
Large number of researchers was working on this problem within last decade such as [1] , [8] and [9] .
Solving of this problem in the mentioned papers is based on two approaches:  Numerical solving of PDE which pulls such drawback as convergence problems, stability, stiffness, etc.  Laplace transformation which is complicated in this case and demands numerical to original time domain. _________________ This problems and the similar ones have motivated the researches to invent new approaches for modelling of this processes in order to obtain larger practical use and not to lose their veracity as well.
In this paper two characteristic methods for modelling of heat exchangers have been considered:  Analytical approach  The method of physical discretization.
Finally, the step responses of the derived models are presented in graphic form in order to compare this results for the different methods.
Taking into account the existing time delay makes problem significantly difficult. Тhе problem of investigation of time delay systems has been exploited over many years.
Time delay is very often encountered in various technical systems, such as electric, pneumatic and hydraulic networks, chemical processes, long transmission lines, etc.
The existence of pure time lag, regardless if it is present in the control or/and the state, may cause undesirable system transient response, or even instability. Consequently, the problem of stability analysis for this TEHNIKA -MAŠINSTVO 65 (2016) 3 class of systems has been one of the main interests for many researchers.
In general, the introduction of time delay factors makes the analysis much more complicated, as well as in the simulation procedure.
ANALYTICAL APPROACH
In this paper, the recuperative cross-flow heat exchanger is observed, shown in Figure 1 , as a process with distributed parameters.
Figure 1 -The symbolic -functional scheme
Among the many kinds of water-to-air heat exchangers, the cross-flow geometry is very common.
The geometry of cross-flow heat exchangers can be complicated, but in this paper we observe the case with the simplest geometry that can be easily computed. This heat exchanger consists of a single tube with fluid (water) flow inside and cross flow of hot air outside.
On the basis of classical assumptions, the mathematical model of the cross-flow heat exchanger after some simple mathematical transformations can be written in the following form.
On the outside of the tube: 
This can be substituted in Eq. (1).
In the water:
where f  is fluid (water) density, f c is the specific heat of the fluid in the tube, i r is the inner radius, f  is the fluid temperature, wf  is the heat transfer coefficient between the wall and fluid, and f G is the mass-flow rate of fluid. Finally, in the wall of the tube: 
where w  is the wall density, w c is the specific heat of the wall, w  is the wall thermal conductivity.
The boundary and initial conditions are:
Introducing relative deviations in this form:
From Eq. (2), (3), (4), (5) 
where direct expressions for coefficients are given in [11] .
PHYSICAL DISCRETIZATION METHOD
To avoid partial differential equations, the method of physical discretization suggested by [7] is used.
Using this method the observed heat exchanger is divided into the same p cells with the spatial coordinate discretization.
This cells assumes to have homogenous fields of specific physical values.
The qualitative description of the process with distributed parameters can be obtained taking into consideration a big enough number of cells.
The advantage of such an approach is avoiding complex PDE to be set and solved. Balance differential equations are set for an arbitrary cell, taking especially into consideration the first an the last cell which through control boundary have contact with environment.
The flowing index indicates the position of the cell in the heat exchanger. In the physical meaning, the observed cross-flow heat exchanger is divided into the equal p cells with the spatial coordinate discretization.
Assuming that number of cells is big enough, each of this cells can be considered as a process with lumped parameters.
The fundamental low of energy conservation is derived for every cell, so the mathematical model of the cross-flow heat exchanger can be represented as a system of ODE.
Considering k-th cell, the balance equation can be written in the following form: 
where:
and  is pure time delay necessary for flow to reach from one cell to the another.
Using Eq. (9-12) the model of cross flow heat exchanger can be obtained in the following form: k-th cell: 
for the first cell: 
for the last cell: 
Introducing relative deviations we define the state, input and output variables in this form:
Neglecting the influence of the latter cells to the previous one, what is quite reasonable taking into account the direction of basic steam stream, the mathematical model for k-th cell is obtained in the following form:
and expression for general coefficients are given in [4] and theirs particular values in [11] .
The mathematical model for the k-th cell of the cross-flow heat exchanger is obtained in the state space:
For the first cell of the cross-flow heat exchanger the state space equation has the following form: 
For the last cell the state space equation can be written as follows:
The nominal characteristic of real cross-flow heat exchanger are given in [11] , as well in Appendix A. The observed heat exchanger is divided into five cells. If the results are unsatisfactory the number of cells must be increased.
Results of simulation for the analytical approach
In the Figure 2 and 3 are shown the step response of the outlet temperature of fluid in the tube for the step change of the inlet fluid temperature and inlet air temperature. 
Comparison results of the simulation
In the Figure 8 and 9 are shown the step response in the fluid outlet temperature and the temperature profile in the outlet of each cell for the step change TEHNIKA -MAŠINSTVO 65 (2016) 3 (from 110ºC to 127 ºC) in the fluid inlet temperature, using different approaches.
Figure 9 -Comparative step responses
Finally, it should be pointed out that temperatures changes obtained by application of these two methods are quite close, showing high quality of applied modelling.
Incorporated time delay is best shown in the response on Figure 2 .
CONCLUSION
In this paper some characteristic methods of mathematical modelling of the heat exchangers are considered and discussed. Using analytical approach and transport method two mathematical models have been derived, second one including existing time delay in working fluid stream.
This model represent the natural extension of previous models, developed by the same authors, [6] , and shows significant improvement of process characteristic personalized in system's model.
